ABSTRACT: For introductory presentation of issues involving identification and estimation of simultaneous equation systems, a natural vehicle is a model consisting of supply and demand relationships to explain price and quantity variables for a single good. One would accordingly expect to find in introductory econometrics textbooks a supply-demand example featuring actual data in which structural estimation methods yield more satisfactory results than ordinary least squares. In a search of 26 existing textbooks, however, we have found no such example-indeed, no example with actual data in which all parameter estimates are of the proper sign and statistically significant. This absence is documented in the present paper. Its main contribution, however, is the development of a simple but satisfying example, for broiler chickens, based on U.S. annual data over . Some discussion of the historically notable beef example of Tintner (1952) is included.
Introduction
Existing textbooks of econometrics, including several that are excellent in most respects, are marred by a surprising and rather disturbing omission relating to simultaneous equation estimation. Ever since the publication of Haavelmo's (1943 Haavelmo's ( , 1944 classic papers on simultaneous equation analysis, a central ingredient of the subject of econometrics has been the identification and estimation of structural relationships in simultaneous equation systems. 1 The main vehicle for introductory presentation of the relevant issues has been, for most of these years, a two-equation system consisting of demand and supply relationships for the joint determination of price and quantity exchanged for a non-durable good.
2 Accordingly, one might expect to find, in most if not all introductory textbooks, a supplydemand example featuring actual data in which structural estimation methods (such as instrumental variables, two-stage least squares, or full-information maximum likelihood) are shown to yield more plausible estimates than ordinary least squares. Also, such an example should, to be satisfactory, feature theoretically appropriate signs on each of the estimated structural parameters with all of the important estimates being significantly different from zero at conventional significance levels.
Examination of 26 of the leading textbooks reveals that most present the simultaneous equations modeling methodology using the two-equation supply and demand system. It seems clear, however, that the authors of these texts have struggled to find a suitable example to illustrate the power of the approach. We think it likely that all these authors would agree that they have not hit upon a fully satisfactory example. In fact, none of them includes an example that meets all of the criteria suggested in the preceding paragraph. Instead, most include either no numerical application for the supply-demand example or else one based on hypothetical data created by the writer. A few provide estimates based on actual pricequantity data, but in most cases the results are unsatisfying because crucial parameter estimates are statistically insignificant and/or of the theoretically-incorrect sign-e.g., downward-sloping supply curves.
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The purpose of the present paper, accordingly, is to present an example that has the desirable characteristics mentioned above. Specifically, we develop and estimate a simple demand-supply system involving annual U.S. time series data for 1960-1999 for chicken.
Our specification of the demand and supply functions attempts to be theoretically sensible, and our instrumental variable estimation yields statistically significant estimates of all structural parameters, each of which is of the appropriate sign and plausible in magnitude.
The instrumental variable estimates, moreover, are more satisfactory than ones obtained by application of ordinary least squares to the structural equations.
We begin in Section 2 with a discussion of a few textbook presentations that are both relevant and notable, plus a table indicating the manner in which each of the 26 textbooks examined fail to meet our criterion for the supply-demand example. Then in Section 3 we specify the model to be used in our example and report data sources. Least squares estimates are reported in Section 4 together with a discussion of various alternative specifications. Our structural estimates, obtained via two-stage least squares, are developed in Section 5, after which Section 6 presents a graphical portrayal of our estimated demand and supply relationships. Section 7 provides a brief conclusion. Table 1 reports, for 26 leading textbooks of econometrics, the manner in which each of these fails to have a fully satisfactory quantitative supply-demand example based on actual data. In 12 cases, the book discusses the supply-demand system, but does not provide any quantitative example, while a few-only four, in fact-omit discussion of the supply-demand system entirely. Three of the textbooks, those of Kmenta (1971) , Kelejian and Oates (1974) , and Hill, Griffiths, and Judge (2000) , include quantitative examples that are excellent in terms of the points being made, but utilize hypothetical data constructed by the author(s).
Existing Textbook Treatments
Finally, there are seven textbooks that do include estimates involving actual market data, but feature results that fail to be satisfactory in terms of illustrating the basic pedagogic points about simultaneous-equation estimation. For example, Merrill and Fox (1970) and Maddala (1992) each include examples in which the structural equation estimates for the supply function imply negative responses of quantity supplied to price of the product.
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The most nearly satisfactory examples come from the earliest textbook examined, that of Tintner (1952) . It includes two examples for the U.S. market for meat, both based on annual data for the years . The difference between the two cases is that one (but not the other) is for a just-identified system, with one exogenous variable appearing in each structural equation and excluded from the other. In this case, all of the parameter estimates of the structural system are of the proper sign, but no standard errors are reported to permit 4 In a footnote on p. 545, Merrill and Fox (1970) report a system with all signs correct, but an insignificant response of quantity supplied to price. 5 Since this paper was written, an example with actual data has been provided by Schmidt (2004) . No indications are reported regarding serial correlation of residuals, however, which is a serious limitation given that monthly time series data is used and the good studied (alcoholic beverages) is one for which habit formation is quite likely. In addition, the inclusion of labor force participation rate and unemployment rate variables in the supply function is problematic (as is acknowledged by the author's footnote on p. 278) and the negative (significant) sign on the unemployment rate is (we believe) difficult to rationalize. Tintner's second system differs from the first only by including an additional exogenous variable in the supply function, thereby making the demand function over-identified. Since the supply function is again exactly identified, the indirect least squares, two-stage least squares, and limited-information maximum likelihood estimates are the same. In this case, Tintner reports estimates (but not standard errors) only for the demand function. Goldberger (1964) reports estimates for the supply function for this example, however, and finds the price elasticity to be negative.
As implied in the foregoing paragraphs, Tintner's early example has been adapted by other authors, including Goldberger (1964) and Kmenta (1971) . It would appear that these later discussions are based on the second-moment matrices reported by Tintner, who does not provide raw observations on the relevant variables. Consequently, because of their historical significance, we report in Appendix A the raw data series as they appear in French (1949) .
Basic Model Specification
For the type of simple supply-demand model with which we are concerned, the jointly determined variables would be market price P and quantity Q. The most basic partial equilibrium supply and demand functions could be written as Q = S(P, W) and Q = D(P, Y) with W denoting the price of important factors of production and Y the income level of 6 The estimated meat price coefficient is 0.62 with a standard error of 0.39 while a cost variable has a coefficient of −0.42 with standard error of 0.24. Our statement about significance presumes a two-sided test. If we used a one-sided test, the cost variable would be significant but not the price variable. The data come from the 1949 Iowa State College M.S. thesis by French (1949) . (1) q t = α 0 + α 1 p t + α 2 w t + u t (supply)
(2) q t = β 0 + β 1 p t + β 2 y t + v t .
As suggested above, we presume that α 1 > 0, α 2 < 0, β 1 < 0, and β 2 > 0. In (1) and (2), u t and v t are stochastic disturbances representing measurement error, a multitude of individuallyunimportant omitted variables, and purely random influences. We assume that Eu t = 0, Ev t = 0, Eu t 2 = σ u 2 , and Ev t = σ v 2 for all t = 1, 2, …, T. We also assume that w t and y t can legitimately be treated as exogenous to the particular market under consideration, so that w t and y t will be uncorrelated with values of u t and v t for all current and past periods.
The market to be studied is that for the edible meat of young chicken, often termed "broilers," in the United States. A large volume of data pertaining to the production and consumption of chicken is collected and reported by the U.S. Department of Agriculture (USDA). Some price data are generated by the USDA but most of the price series utilized below represent indexes developed by the U.S. Labor Department's Bureau of Labor Statistics (BLS). Per capita income levels for U.S. consumers are generated by the U.S.
Commerce Department's Bureau of Economic Analysis (BEA). Our reported supplydemand estimates will be based on annual U.S. time series observations from the post-Our aim is to obtain satisfactory estimates of basic structural equations such as (1) and (2), keeping the specifications as simple as possible. Some possible complexities must, however, be recognized. One is due to the rapid improvements in technology for the production of broilers that have taken place over the postwar era, thereby shifting the supply function. Also, there have been major changes in the price of chicken relative to those for other types of meat, so the price of some substitute goods might be expected to appear in the demand function. In addition, the improvement of transportation facilities has been so rapid that in recent years it has become the case that a significant fraction of U.S. broiler production is exported abroad, primarily to Russia and Hong Kong.
One specific issue that we have been forced to face is the precise definition of our main quantity variable. In terms of consumption, the USDA Poultry Yearbook reports per capita consumption of young chicken on both a ready-to-cook basis and a retail weight basis.
Our preferred series, however, comes from the USDA Economic Research Service's electronic "data system," which reports per capita consumption of chicken on the following basis: boneless, trimmed (edible) weight, pounds per capita per year. For this "boneless equivalent" measure we were able to obtain a consistent series for the time span 1909-2001, and its behavior during the 1950's seems to be less affected by changing tastes than that of young chicken, retail weight. 7 From the perspective of quantity supplied, however, it seems preferable to utilize a measure of production, perhaps on an aggregate (rather than per-capita) 7 Between 1950 and 1960, the per capita consumption of chicken almost tripled on a retail weight basis, while increasing by about 34 percent on a boneless equivalent basis. Our belief is that consumers began to eat primarily the better parts of the chicken, discarding some of those that were often consumed during earlier years. We would therefore expect to find a more stable demand function for consumption expressed in terms of the boneless equivalent basis. We have not been able to find a long consistent series for the ready-to-cook measure.
basis. The way in which we face this difficulty will be detailed in Section 5 below, and the itemization of the precise series used for the various variables will be provided in Appendix B together with the data series themselves.
Least Squares Estimates
We begin with exploratory estimation of the structural supply and demand equations, initially using (inconsistent) least squares methods. Consider first the demand function. If we straightforwardly regress q on p and y, as suggested by equation (2) Here, and in results reported below, the figures in parentheses are standard errors. Also, the R 2 statistic is unadjusted, SE is the estimated standard deviation of the disturbance term, DW is the Durbin-Watson statistic, and T is the number of observations. The results in (3) are encouraging in the sense that the income and price variables have the expected signs and are statistically significant. The DW statistic suggests very strong serial correlation of the disturbances, however, so more work is needed on this relation. 8 One natural variable to add to a demand function is the price of a substitute good, so in (4) we add the (log) real price of beef, denoted pb: Here the R 2 statistic is much smaller, but pertains to a different dependent variable. 10 The SE statistic indicates more informatively that the equation's explanatory power is almost as high as for (5). All variables have the theoretically appropriate signs and there is no strong indication of autocorrelated disturbances. Consequently, we adopt (6) as a promising demand specification to carry into our simultaneous-equation estimation attempts to be made below.
Turning now to the chicken supply function, we begin with a counterpart to (1) above, with pcor representing the real price of corn, an important input price since corn is the These results are clearly more encouraging, since all variables (except for the price of chicken) have the correct sign and there is no evidence of autocorrelated disturbances.
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Nevertheless, the existence of a USDA Poultry Yearbook price index specifically representing feed for young chickens suggests that it be used in place of the price of corn, even though observations are available only for 1960-1999. 12 With that one change, the estimated supply function becomes: These results are encouraging. All variables but one enter significantly and with the proper sign, the exception being the troublesome price of chicken. Even with that variable there is improvement relative to (8) since its coefficient is now insignificant (its t statistic is smaller than 1). There is no sign of autocorrelated residuals and the equation's explanatory power is good. Consequently, we suggest that relations (6) and (9) should provide a good starting point for our exercise in simultaneous equation estimation of demand and supply functions for broiler chickens in the United States.
Simultaneous Equation Estimates
Our first step is to obtain two-stage least squares estimates of equations (6) and (9).
Because of the presence of the pf variable, the data sample will be limited to Consideration of the recalcitrant supply price elasticity has led us, however, to consider a slight extension of the model. The basic problem, we believe, is that the quantity variable used in both relations is the quantity of chicken consumed. That is appropriate for the demand function, but in the supply function the variable should instead reflect quantity produced. Broiler inventory stocks are not so large as to make their neglect implausible, at least with annual data, but in recent years the United States has begun to export a rather substantial fraction of broiler production. In 2001, for example, exports amounted to approximately 17 percent of production. 13 Accordingly, we wish to re-estimate relations (10) and (11) with qprod A , the log of broilers produced, used in place of q A in the supply function.
As an approximation, we initially take broiler exports to be exogenous and thus use 12 The log of the broiler grower feed variable is denoted pf. We know that the slight model specifications to be introduced in the next section will necessitate limitation of the sample period for additional reasons. Here the only substantial change from equations (10) and (11) is that the main weakness of the latter has been eliminated: the chicken price variable now enters the supply function with a positive coefficient and a t-ratio in excess of 2.0, indicating statistical significance.
Exports of chicken are not truly exogenous, of course. We suggest, however, that to a great extent the major trends and fluctuations in the quantity of chicken exports over our sample period have been due to improvements in shipping technology and to altering political relationships involving the two main foreign markets for U.S. chicken, Russia and Hong Kong. 14 Nevertheless, we have estimated relationships that differ from (12) and (13) in that the chicken export variable is not included in the list of first stage regressors, but is replaced with U.S. exports of meat (beef, veal, and pork)-a variable that should be more nearly exogenous. The results are so nearly the same as in (12) and (13) that there seems to be no point in taking the space to report them.
Some Illustrative Plots
To illustrate our results, we plot supply and demand functions implied by our estimated equations. We begin by deriving the demand function in levels that is implied by our equation in first differences. Neglecting error terms, the latter is:
For any variable, z: Let α 0 = q 0 − α y y 0 − α p p 0 − α pb pb 0 . Using our estimated coefficients from equation (14) and the values of the variables q, y, p, and pb from 1959, we estimate α 0 to be -4.507.
Solving for p and substituting in the estimated coefficients, we obtain an equation for the demand curve at date t. We choose to plot demand and supply curves in conventional rather than log units. Accordingly, we write the demand curve in terms of Q and P:
(14) ln(P) = [ln(Q) − (−4.507 + 0.841y t + 0.2775 pb t )]/(−0.397).
Here we have deleted the t subscripts on P and Q since the set of (Q, P) pairs that satisfy this equation constitute the date t demand curve. To plot the demand curve for date t, we simply insert the observed values of the exogenous variables y t and pb t for date t .
To plot the long-run supply function, we set qprod A = qprod A (-1) and solve equation In order to plot the supply and demand functions using common variables, we rewrite the preceding equation in terms of per capita domestic supply using the identity: QPROD A t = Q t N t +X t where N t denotes (unlogged) population and X t denotes observed exports at date t.
The long-run supply curve for date t with price as a function of quantity per capita is then the set of (Q, P) pairs that satisfy:
(15) ln(P) = [(1-.631)ln( N t *Q+X t ) -(2.030 − 0.146 pf t + 0.0184 t]/0.221.
To obtain the short-run supply curve for a given date, we set qprod A (-1) equal to the value of qprod A that equates demand and long run supply-the intersection of the two curves in equations (14) and (15). Let qprod t A* denote this long-run equilibrium value. Then the short-run supply curve for date t is the set of (Q, P) pairs that satisfy:
(16) ln(P) = [ln(N t *Q+X t ) − (2.030 − 0.146 pf t + 0.0184 t + 0.631 qprod t A* )]/0.221.
Using equations (14) through (16), we plot in Figure 1 the demand curve and both short-and long-run supply curves for 1995. As the reader will see, this plot nicely conforms to the usual textbook depiction of the demand curve and short-and long-run supply curves.
To illustrate the shifting of demand and supply curves over time that results from changes in the exogenous variables, we plot in Figure 2 the demand and long-run supply curves for 1960 and 1995. 15 The outward shift of demand from 1960 to 1995 is due to an increase in real per capita income of roughly 225% over this period. The price of the substitute good, beef, decreased by roughly 25% over this period. While this decline in price of the substitute offset a portion of the growth in demand for chicken, this effect is relatively modest compared to the effect of growing per capita income. The outward shift in the supply curve is a result of a fall in the price of the primary input (chicken feed) by roughly 50%, and to a substantial 15 In the interest of clarity of the diagram, we omit the short-run supply functions. 
Conclusion
The model in equations (12) and (13) meets the objectives we set forth at the outset.
The estimated demand coefficients imply an own-price elasticity of −0.40, an income elasticity of 0.84, and a cross-price elasticity with respect to the substitute good (beef) of 0.274. These are of the expected algebraic signs and strike us as being quite reasonable in magnitude. The short-run own-price elasticity of supply is 0.22, and the short-run elasticity of supply with respect to the price of the primary input (feed) is −0.15. The corresponding long-run elasticities are 0.60 and −0.40, respectively. Again, these are of the expected algebraic signs and seem to be quite plausible in magnitude. The estimates also imply a substantial rate of growth of productivity in chicken production. In particular, the short-run supply curves exhibits a shift of 1.84% in each one-year interval, holding constant previousyear production. The long-run supply curve shifts outward by about 5% per year. This rapid rate of productivity growth largely accounts for the falling real price of chicken in the face of the prodigious increase in demand observed over our sample period-an increase of 275% in consumption per capita coupled with a 50% increase in population. In addition to being of the correct signs and reasonable magnitudes, all of our coefficient estimates are statistically significant at the conventional 5% level.
estimating the equations as a simultaneous system. The single-equation coefficient estimates for the supply equation (9) yield a supply price elasticity that is of the wrong algebraic sign and statistically insignificant. By contrast, the supply equation (13) Chicken Price and Production, 1960-1999 
